Background In the European Liver Transplant Registry, there are 137,863 liver transplantations recorded. Forty-one percent of patients survived 20 years after liver transplantation in the European countries. From 1988, when the US database for liver transplantation was created, to 2006, there are more than 56,000 liver transplants. Almost 80% of the liver transplant recipients survived 5 years after transplantation. The incidence of deep vein thrombosis (DVT) in the European population is 70-140/ 100.000 person-years. Cancer, paresis, immobilization, thrombophilia, inflammatory bowel disease, replacement hormonal or contraceptive therapies are associated with an increased risk of occurrence DVT or complications. The incidence of DVT in longterm surveillance of liver transplant recipients is unknown. Immunosuppressive therapy, thrombophilia abnormalities, hepatitis C and hepatocellular carcinoma recurrence, renal insufficiency, malignant tumours, obesity and diabetes were associated with DVT in long-term post-liver transplantation. The reported maximum time between liver transplantation and DVT was 210 days. Aim The aim of the study is to update existing data in the literature regarding the occurrence and management of deep vein thrombosis in liver transplant patients over the long-term surveillence period. Conclusions There are no specific guideline recommendations regarding acute DVT treatment in long-term surveillance after liver transplantation. Low molecular weight heparin (LMWH), unfractionated heparin (UFH) and vitamin K antagonist (VKA) are the anticoagulants used in specific complications post-transplantation. The safety and the efficacy of direct anticoagulants in liver transplantation recipients need to be assessed in future trials. Given that long-term survival of liver transplantation is much improved, complications associated with transplantation and ageing require appropriate cardiovascular guidelines.
Introduction
The incidence of deep vein thrombosis (DVT) in the European population is 70-140/100.000 person-years [1] . Cancer, paresis, immobilization, thrombophilia, inflammatory bowel disease, replacement hormonal or contraceptive therapies are associated with an increased risk of occurrence DVTor complications [1, 2] .
From 1988, when the US database for liver transplantation was created, to 2006, there are more than 56,000 liver transplants [3] . Almost 80% of the liver transplant recipients survived 5 years after transplantation [3, 4] . In the European Liver Transplant Registry, there are 137,863 liver transplantations recorded [4] . Forty-one percent of patients survived 20 years after liver transplantation in the European countries [5] .
Aims
The long-term survival of patients with liver transplantation increases the probability of deep vein thrombosis associated with physiological ageing, metabolic syndrome, side effects of immunosuppressive therapy, hepatitis B or C recurrence, or simply age-related comorbidities, involving immobilization. The aim of the study is to update the existing data in the literature regarding the occurrence and management of deep venous thrombosis in liver transplant patients over the longterm surveillance period.
Methods
To find available data on deep vein thrombosis in long-term surveillance of liver transplantation recipients, a search in Web of Science Core Collection, PubMed, Elsevier ScienceDirect, Cochrane, Google Scholar was performed with the terms liver transplantation, long-term post-liver transplantation, deep vein thrombosis post-liver transplantation and thromboembolism post-liver transplantation. The search was limited to English full-text articles and reviews in humans, with case reports. Sixty-four articles were found between 1995 and 2018, with 21 articles meeting the criteria.
Results and discussion
The incidence of DVT in long-term surveillance of liver transplant recipients is unknown. Ishitani and colleagues reported an incidence of 3.7% of symptomatic venous thromboembolic disease and 2.7% of DVT [6] . The maximum time between liver transplantation and DVT in their study was 210 days [6] . Annamalai and colleagues reported an incidence of DVT of 8.6% [7] . In their trial, the maximum time between liver transplantation and DVT was 80 days [7] .
Patients with liver transplantation have a hypercoagulable status that can lead to thrombotic complications both in the short and long term [8] . Peripheral vascular thrombosis increases the morbidity and the mortality in the long-term surveillance of these patients, and the haemostatic abnormalities could be complex [8] . The immunosuppressive treatment, malignant tumours, recurrence of hepatocellular carcinoma or hepatitis B or C, thrombophilia abnormalities, renal insufficiency, obesity, diabetes and also ageing increase the risk of developing deep vein thrombosis in patients who survive for long periods of time.
Immunosuppresive treatment: Immunosuppressive therapy is essential in the post-transplant long-term surveillance After 6 months of double or triple immunosuppressive therapy, monotherapy is given if the haepatic function is appropriate and there is no rejection [9] . Long-term monotherapy involves commonly a calcineurin inhibitor (tacrolimus or cyclosporine) [9] [10] [11] . The most common long-term complications of immunosuppressive therapy in patients with liver transplantation are hypertension, metabolic disease (diabetes mellitus, hyperlipidaemia, obesity), infections, renal insufficiency, malignancy, bone disease and recurrence of liver disease [9] . Hypertension and dyslipidaemia are not associated with a high risk of venous thrombosis, but obesity does [12, 13] . The authors of a study reported that in a period of up to 3 years of post-transplant surveillance, 31% of patients b e c a m e o b e s e [ 1 4 ] . T h e c r e a t i n i n e c l e a r a n c e , microalbuminuria, urinary albumin-to-creatinine ratio and chronic kidney disease are also associated with venous thromboembolism [12, 13] . Chronic kidney disease was reported in up to 90% of liver transplantation patients, mainly due to preexisting disease, nephrotoxic immunosuppressive medication and long-term cardiovascular complications [11] . The endstage renal disease, previous venous thromboembolism and diabetes are also reported as predictive factors for venous thromboembolism [13, 15] . In 2016, 28.8% of liver transplant recipients in the USA were reported with diabetes [6] .
Generally, oral corticosteroids are recommended for about 3-6 months after transplantation, although some transplant centers recommend low-dose treatment for an indefinite period [16] . Administration of corticosteroids increases 1.2 to 2 times the risk of deep vein thrombosis [12] . The risk increases with the cumulative dose of corticosteroids and is independent of the underlying disease [12] .
Recurrence of haepatic disease: Hepatitis C and hepatocellular carcinoma have a high recurrence rate after liver transplantation [12] Multiple authors reported that the probability for recurrence of HCV infection is between 60 and 90% and between 12.9 and 38.7% for recurrence of hepatocellular carcinoma on the liver transplant [11, [17] [18] [19] . Martinelli and colleagues reported an incidence rate of venous thrombosis of 1.06 per 100 patientyears in liver transplantation recipients for hepatocellular carcinoma, followed for an average of 7.17 years [20] . The mechanisms of venous thrombosis could be both persistence of fibrin deposition after hepatic transplantation for hepatocellular carcinoma and thrombophilia abnormalities (factor V Leiden and prothrombin G20210A mutation) of the recipients [20] .
Malignant tumours: The incidence of malignant tumours post-liver transplantation ranges between 2.3 and 12.9% and the risk is fivefold higher than in the general population [3] .
The risk of venous thromboembolism increases in cancer by four to seven times [1] .
Other risk factors: All these factors are associated with an increased risk of DVT in post-transplant long-term surveillance. Acquired or congenital thrombophilia, antiphospholipid syndrome and elevated serum homocysteine are important prothrombotic factors in Caprini risk score, but prophylactic treatment for any patient is still debated, due to the low risk of thrombosis [2, 17] .
There are no specific guideline recommendations regarding acute DVT treatment in long-term surveillance after liver transplantation. The special situations exposed by the guidelines for the management of DVT, cancer, chronic kidney disease and obesity need attention [1, 2] . In cancer, low molecular weight heparin (LMWH) is safer as unfractionated heparin (UFH) for initial or long-term treatment of DVT [1, 2] . LMWH or vitamin K antagonist (VKA) is recommended for long-term treatment (3 to 6 months) in patients with cancer [1] . After 6 months, the anticoagulation treatment is individualized [1] . In chronic kidney disease, creatinine clearance less than 30 mL/min is preferred UFH [1] , even subcutaneous [2] . The direct oral anticoagulants for DVT/thromboembolism are used in specific conditions [1, 2, 21] , but their safety and efficacy in liver transplantation recipients need to be assessed in future trials.
Conclusion
Given that long-term survival after liver transplantation is much improved, complications associated with transplantation and ageing require appropriate cardiovascular guidelines, particularly in the management of deep vein thrombosis and venous thromboembolism.
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